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tt^. mmm2m^m<DniiUb:^^^/i-m,mtmti^mi$ 
ti*5jtii3] mmmxm^mRxfm2m^mi^. mm. 

;6*o, mmm2m^mt(Dm^^xnmmm2m\± 
m tm^^{z.^^^i.xi^^m sm^m^^-r ^ ^ t 
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m:^mxh^x. 

mmmim^m. mm\-i^^>ji^mmsRxfm?^m2mii 
mum 2 miim(D 5 -^mu h i^^^/i^-m^m-i^mti^^m^ 

« ^ u r fttjia^^l^ife jg ^^iS-r s x^ ^ , 

i(? fJ|5^^bi^«J::{CttJ|Sjteji:Ji^^;«-rSXig<!:^W-r5 
[if 9 ] If 1 7!?^ 6 0^/^-rtLJ&- 1 ii{CfB«(7> 

[ff^ttill 0] ff5ftil7 tfcf^ff5ftli8{cfB«(7>^^ 

[0001] 
1 0 0 0 2 1 

iicmmi^^AM^rixhum\H^m^^'r^m.^^t^t£:\^'^ 

JO tbt^\^X^^\\/^.'^.i}^^:5o 

[0 0 0 3 ] h ^^^/l-^-^^flJ^ Lfc^^V*^^ ^ 

wxmf^^titi2^<Dmiim<7>m\^. ^nmm<r>m-^t& 

[0 0 0 4] r(7)^co^^ffi:*tS5^5^^r-fi, 2 0(^>fiS 

^^mu-t^t. mm^m<Dm^tcr>mMf^mz.};t:^\:^xm 

Xh^m-^^atm:^mft^m:ktfJ:^o Lfc;d^or, 20 

\zii^>\:.xmit<DW'rfi^m^tz\t^W'n^m^m^'r 

[0 0 0 5 ] iaz^b/c h >';t>/^^^/g{cA 1 (Dm 

^mtm^m^-^^^ t^z^x-^x. 2 o%^h^m^mu^ 

50 (7>j^;^60-5rtgttd^iS^or#fco r 5 U)t;^^?2:e£^lg: 
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K • :^^i>y^y^. 79^. 4724~4729S (Journa 
1 of Applied Physics, vol.79, 4724—4729, 1996) J 

[0 0 0 6] 

[0 0 0 7 ] :i(DXo ^j:mm^m^-r^fzib\z.^ mx. 
^t. 10-163544 -^^^TMi . rmm&m 

[0 0 0 8] \^f)>\^tj:t^h. bi^^^/i^m^mit. mmt^ 
[0 0 0 9] ^^mi^±.^\^tixo^j:^^(oi^mf>^^'r 

[0010] 

mt<om^z^td,b>^>j^mMm^i\'\^x hv^^/um*^^ 

5 { c i B S ^ n r ^ S r <J: ^ 4# IS <ir -r 6 o 
[0011] ^fc, ^l^ttSi:. «^60tei^^*:r-^i* 

[0 0 12] ^i/t, ffii2mi?Kttaxu^m2^ttst^, 



(3) 2002-124717 

[0 0 13] ^fc, itriBmi^i±iii:^tsB2«SttS^ 

[0 0 14] ^fc, Sfrl5^2^ttjiOtfllB h V^>/UKM 

m t ^^-r ^mt ^Mmx-mmm 2 m^m tc^^ ^ i^ s 

d>o, fi1IfB^2^SLttSi:^0«-S^ffl5r-fi:ttIiam2^ 
[0 0 15] ^fz. ftfuani^tt/iofflfs h 

s^^-a^-r-sM^r^MMr-mfiEmi^KttSfcsi^^ns 
[0016] ^tz. stjia^ss^sstg&^^^oSii^^fer- 
^2«£ttS^jiS^kaS-r$xmi:, friam2^KttS<^5 

5^>'i/^^-r-5xs<i:. mum2m\^M<o^'h^y^>' 

X @ ^ ^ ^ -r 6 r <^ ^ 4# <t -r 5 o 
20 [0 0 1 7] ^fc. ^mm%^^i^^m^<Dnm.ijmx 

%2m'^m^m^mm-t^x,ut. mu^2m^m<Do 

[0 0 18] ^fc, :^^m<7)m^m^i^^m^^m^^ti 
m^mi^:^ ^ y mum^mw:i^^m^t:m^^x-mm 
30 ^iB^. if^-t-^rL^^w^^-r^o 

[0 0 19] {^Wi) iiiaoj: 5{^«;*^ix/^;^^PJ(c 

:y^^)vnm.mh. %2W&mht^m.^nm^MzM^v 

%\m^m}i'm2-m\^mh<omz. 

g^bifei r-?^fi)c ^ ix 7t m^tmm * fc m^tmm t . m 

imm t. fz \t m^mm ± lag ^ n . i&mi^ xmj& ^ n 
t:L^mmti)^%2m^m<o hi^^^ji^mmtm^x^^m^ 

40 J: 5*^SaS^ixri^5o 

[0 0 2 0] h V^^/^S^SJ^. ^2 

^tzi^. f^ms(7^3-m{z.r^^x D -i:^Mmi>^^±i^tzt 
L/c^^or, mim^mtm2^^mt<Dmit:^i^ 

[0 0 2 1 ] ^7t, Jitsoj: 

50 ^jtitzmfs^m^^^^^it. mi mam. bi^^-^^i^mm 
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^ n-f (c^o ;t^^^i?<t:^ fci^ br ^{b^/g ^ 

[0 0 2 2 ] rcOjipiC. %2^'^m<D0-h Vl^^^/i^^ 

[0 0 2 3 ] ^.tiizx^. ^^y^:y^j:mmcmim{± 

[0 0 2 4] ^fc, m2mi^m±\^. m2m^m<Dmm 

^it/cm^fcf^. u^Mmz.>s^^^fmnti^^2m^m 
^<Di;^%2m^m^n<mji^'r^^tii^'^mtfi:^o u 

[0 0 2 5] ^fc, i:il?L7t||3^ttS^^(tf::^-a'tC 

It. Mm&p^'^u ^m^-r^tzis^^z.^2m^m^mm[i 

LTt>. m2^tt;ii:S3^^1*S^;ei^^^e^{c,^^Ur 
i-^^fca^. m 2^ttS{c:fci^rm*B^l:{c# 5 ^<bcO;^; - 

m 2 ^ttS ^meaff: LT t> . b l^^^/\-^mm l^XM 

^-r^mi ^tt® tm2 m^m t^mxm^t:^i^^ ^rf 
ui^^m^Rv^m^mmp^'^v (mram) ibmm.'^m 
[0 0 2 6] fj::$a^ msm^^mn. m2m^mt 

So 

[0 0 2 7] 
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e 

[0 0 2 8] im 1 (7:>mm<7:>mm) mi\t. :^^m<om 

So 

[0 0 2 9 ] Hi {z^-TJ: 5 jot.^r Ji. 

10 2m^m^^m^'r^m^w^m\\Lm {^tzxtmYM) 

m (^tzitm^mm) e ±\zmmwxjfm^ti^mmm 
7 tt^m2m^m4<D \- i^^^/^mm^m'^'r ^ x o \zm 

[0 0 3 0] McW^\z\t. m^mnmm 1 1 urcus 

5 0 n m) , mi 2 tl^XN i f em (B 

J^2 0nm) , h^^^/l-KMS 3 UTA 1 Oxg 
J^l. 2nm) . S2^K14S4 ^ LTC oS (^J^ 3 0 
nm) , ±.^M^M5 tl^XCxim (^^lOOnm) 

xh^com<omtmxn^m^ti^m^tmm6 1. ai 
203, s i 02, s i3NA^xmf&^ ^^li&mm 7 tiz. 

XK^M%^\zi^m^tiX\.^:^^ 

[0 0 3 1 ] ^^T-. ^'mmmm\z:ia\.^xit. mi^tt 
m 2 Rx/m 2 m\±m 4 ibmm^»^m>m(om^wxmf^ 

>' T ^ > (7> ^^i^^ S I M ^'.^ o r I ^ -5 o 
roj: 5?^<e5S^ttfz|s^JlT-^?iS;^ixSmi^ttS2 tm 

>'^vu^Mjl3{c:^ffi^W;!jD-rsi:. -G^gti^^^a^'eo;^ 

e>'^i^o;t^^mi^ttS2>;^=^ibm2^gsttS4(c 

tz\t. %2m^mAt-h%\m,^m2\z.) 

mi^tiii 2 2^^4/1 4 ^op^r- hv^^/u^Mii 3 

[0 0 3 2] LTtiS^oT, mim^m2Rrjm2m^m 

IfiSc^^LTal^U, Co<£r^2jS;5>i: LTiM^-rSo 
Jrflsa^jtCj^, Fe, Co. i^^WL'^t\^tzW^AXr^ 
50 fiJt^tlSr b< , ct U< fiF e, Co. 



T 

FeCo, NiFe. N i F e C o ^fi^ J: l^o N 
i F e ^m^^^m^l:^^^. ^07C9g^^S:^N i xF e 100 

li. Ni72Fe23, Ni5lFe49. Ni42Fe58, Ni 
25Fe75. N i 9 F e 91^;&^M^ 

[0 0 3 3 1 m2ai4S4t^, roj , rij(7:>?K{Mt 

Fe. C o^^f^'s^t i.tzUnx^f^^i^^::^t:ibmM 
lr<. MWmiat. Fe. FeCo. Co^(7?^i*^r- 

[0 0 3 4 ] ^fc, B2^ttg4(ci^, i^m:b<Dmm^ 

ttji4 (C, ^iJx.(;i*C o lOO-x-yF exP t y(7>7i;?^M;ifeO 

[0 0 3 51 m2^ttS4(7>j^j^f^, m^i&mi^^^^ 

t^^^<DPSmi>^^C^tz^. 5 0 0 0 AJ£AT^^a^ b 
J: i^M^ b< (^1 0 0 0 Ai^T;a^^i/\ 

[0 0 3 6 ] mim^S2\t. m 2ai4g4 d^is^-r-s 
roj . rij <Dmt'mm^:^^^> ^>^>ji^i^^x^m^ 

mim^m2n. m2m\±m<r>i^mt)XKii>i&\^^^ 
tt« 2 (D^mti t%2 m^m 4 cot*^;^? t t^:s,\i^\z.mf^ 

[0 0 3 7 ] ^<Dfz!^. ^im\±m2i^. 

L< , Jr*6^{Cli, NiFe, NiFeCo ^±f^^At 

^fflt^S^^-g-tCl^, -€:07C3^iiafiS;^N i xF e 100-x^-r 
S^, X 3 0 — 8 2 d^M^ Ul^ NiFeCo 
^m^^^^^^\Z.n. ^(Tyjtmmm^N ix (FelOO-yC 
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oy) lOO-x^-r-S <!r . X 1^30 — 82. yliO--90id^ 

[0 0 3 8 1 mi^tts 2o^^(^. m2m^m4(Di^ 

L< Ji8 0 AJ[^±;d^J;i^ ^/c, 5 0 0 0 AJl^TJd^M^ 
U<. J: b< 1 0 0 0 AJejlTd^J:i/'^o 
[0 0 3 9 ] ±^L.fzx ^^j:m&mt. ±\Z^Mzmit 

fc^GdFe. TbF em(Oy:^])mi±UmxmiU^ 

JO m2Rxj^m2m^m4^mf&i<xhx\^\ ®i?KttS2 

^t/fg 2 4 ^ :7 y ^tt1^*^T-jl0^-r 5 :i ^ J: 

is^T-i:i, m^m<DmfSi^^4^^ < fj:-^x^^mi^mt(ox 

o^J:mt(7>^—V >'^i)^^\:^fJ:^^ t\^^om^t^^^o w 

{c, ;^mmmm\z^\^^x\t. m2m\±m4^m^'r^m 
20 ^tf^^tz^. 'j-^m.m(Dm^^^^<D':^m\z.ii^\^^x 

[0 0 4 0] h>';^vuKMS3l:i. ±^L}tJ:5{cSfVN 

^^^^ /^-r ^tzmz.\^. r (50iffe-m^* *t 
ti.x^x<. m\:.m^mf^'r^mt\.x\^. a 1^0 

30 (f^nSo :i<7)A 1 203gf^, teat4iS^i^< *^^r-^6 

1^. A 1 203^<7:>A 1 xOyOftlKCj^. A 1 Nx, SiO 
X, S i Nx, N i Ox^^l^'^fb X^tzM^X^I^^^^ 

[0 0 4 1 1 ]£IT{C, *:^ej(7)a^SSi:a^9g^(7>Kit 

[0 0 4 2 ] [ii2f^. m\\z7f^\^tzM^mK^%m^<j:> 
m.'^-xM^m.m'r^tz^(omx^^ . m^'&^^^m^ 

[0 0 4 3] ^-f. £jK (^^/^) StgllOm^g 

1 , m 1 ^t^s 2 , h 3 xti^m 2 rn^rn 4 

^m.W^M'f^ (112 (a) ) o 
[0 0 4 4 1 S:Ki^milSl, Bl«£tt@2^U^ 

m^x'o'^^ym'^^tt'^x^^, ^t:L. v'-^^'^M^m.m 

:z.(D^mT/i^^=^i^j^m^mm':^9:^-^\z.x 
^ mt ^-ftxmm'r^o 
50 [0 0 4 5] »c{c, y^v) y^^7-f fetci; t), II2 



(e) 

(^2 (b) ) o 
[0 0 4 6 1 A r >f y ly^^X* y :^ y 

^-^^LT^n^f^^-^l^^-r^ (112 (c) ) o 

<DW^9^mf>^ h ly^^/i-m^m z <7ymm a. 2nm) t jo 

I 0 0 4 7 1 g?9g#ffi^4^ (1 P a i^T) -CK* 

y^X-^ ( 3 OW : 2 Cm i n) Bg-T ^1 ^ «C J: D . ^ 

ix^:/i/I^*$ix-r{c^ori^sm2^1^ii 4 ^ h v-^^ 
imme^^mi^ (^2 (d) ) , Ht-, -h^?t^m^6^ 

»fii^tT5fca=!>{C:^M^:^^'^S^^ bTA 1 203. SiO 

2. S i 3N4^(7:>^/&® 7 ^?f^J*-r^o 

[0 0 4 8] -eco^. y 7 h;^:7)^{c:j: i9 5^-?-^2 2(7) 20 

[0 0 4 9] _b3£l!UfcJ; 5(^*:|IM?i?^^c:^o^^T^^, ^ 
^SSt?Sj^9g^(7>3g^*2 2^mf&'r^tlist>(D:n^y^:y^ 

[0 0 5 0 ] {m2(D'mm(Dmm) ms^t. :^mm(Dm 
^m.Vii^^m^<om 2 <Dmm(Dmm^^'rmmmxh 

[0 0 5 1 ] lii 3 \z7r:-rx 5 \z.:^mmmm\^. m 1 
i^t^mi<omm^m\zMi^x. %2m\±m4 t±nm,m 

f)>'^m2m^m4\zm^m\zm^^titzm3^i^m3 1 40 

[0 0 5 2 ] ±IE(7> J: 0 ^z.mf^ ^ nfc^^s$i^m^-f 
{cjol^rl^, t^^i^n{z.^^m^j:um:^^f^2m{^m4R 

';^m2^^m4^m<m}^-r^ztt^x^^. ^t^. m 
2m{±m4^n<j^m'r^:itx. n2m\±m4(D:r.y 
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[0 0 5 3 ] ^y^. iS^s^^y ^^m'r-5fcd6{c:^2 
m^m4^mB<t\^xh. m2mi±m4x^h:^^^j:m 

a^A^-r^SS^tt® 3 1 <i:m2^tt/g4 ttm^^ 

ttS4 ^»ffl-fbLrt>. h>'^^/i-KMS3^^br^*T: 

1SStS(j^5^^:fe^U^m^»m>^y (MR AM) 

[0 0 5 4] :^mMj^m{z:}a\^^x\t. m3m^m 
4<Dmmnn<'r^:L tt^x^ ^t^. ^<Dmm\t. 

5-20 At^mt. LV^o 
[0 0 5 5 ] ^fc, ® 3^ttS3 10i£^.S/^Mt6> ^ 

®. ummn. ^^^fj:^^t)ib^m2m^mt<D^mi^m 
titt£:^i;x^\^. m2mi^m4mmmfS,(7:>m^<7>m2Wi 
^m4 tmmx^^o 

[0 0 5 6 ] {m3(Dmm<Dmm) m4\t. ^^m^m 
^sst^^^^o^ 2 (Dmm(Dj[m^^'rm^mxh 

So 

[0 0 5 7] gl4tC^'#-J; 5{C*||JfeJ^^J^. 01(C;^ 

\^fzmi<Dmmmm\-M\^x. m^mmmi tf^im^± 

ji2^0Ffl{C, mi^ttS 2{cS!m,S'8'LTl/^-6jS^^ 
ttS4 1 («?Jx.{^. jlIJ^2 0 nm(7)F eMn) ^ 

ximm^. f^Kommmmtmrnxh^o 

[0 0 5 8] ±U<oj: b (cWiS^ix/c^^l&St^^iS^ 

{c*5i^ri^, mmmnm\t^\m'&m2t<om\z.m'y 
ibnfcJS^^8£ttS4 1 {^j: 19 . %\m\^m2<Dmi\Li3\^ 
tm'^^n. %2m\^m4(Dmi\L^\^ (ts^^ixTi^s 

'ff^tc^j;^:;) tK %\m'&m2(Dmi\Lt r^pfrj 
-To 

[0 0 5 9 ] J[^T{c, ±3£j^Lfc;*:^0^(;>a^|g:^?^!j^5g 
[0 0 6 0] ^-r. *^PJcoB£^S*t*^9g^<^5g^3S 

[0 0 6 1 ]1I5I^, ^^^(Om'^^^^^m^ tMO 
Sh9>iP:^^ (MOS-FET) t^m^^io-^tim 

^nm?^^V(D-mf^m^^'rmxh^o m5\z 

ET<i:a5^m^'^t?^;h.T^5^t*Kp«^y <7>1 t> 

[0 0 6 2 ] igi 5 {ZTT^-rx b \z^mm.m\c:}6\.^x\t. ^ 
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^^^m^^ \t^h<Dm^V^\^\^. MOS-FET52 

[0 0 6 3 ] mz,. ;^^0Jco^3^$v^g:^^^^^^-7 h 

(0 0 6 41 HI 6 . ;*:^0J(7:)^^SST:^m9^^^-^ h 
y iy^;^tt(cia#b/^^^«^;<^y 

[0 0 6 5 ] laetc^-TJ: 5{-*«i*W{-*si^ri^, tK 

5psp®(;^(^ipfT/^r7-. |.'^^6 0 1 ~6 0 3 <^ bTmt^-r 

SlMoigmiSS^. fdio*¥¥ffiP^(^>¥tt?^.^-tr>';^«S6 

1 1-6 1 3 .i: \^xmm'r^xm(D%mMt. •^i^:^m 
6 11-61 3<DT^z^mm i^Tjkm) ^^uriB®^ 

nti9— Ki^ 604-606<i: Lrmii-r^ 1 Mc7)3gL11; ^0 

!7 — Fj^601~603^'t>'^*|611~6l3^(7> 
P^{cSii:{cP^(^g^^<tfc3^^^^P^{c::i3«t6 17- K^6 
01~603^"t>';^;S611~613 ^ (7)#5^^.'^jc 
ftfiUTl/'^So J^c^^S, !7— K)^6 0 1 ~6 0 3 ^ir>';:^ 
j^6 1 1-6 1 3 <i:l^, ±f)>h^tztt\ZK\^^\Z^m'r 

[0 0 6 6] 17— KiSI 6 0 1 — 6 0 6 ^{Cft#^tB 
«^'t-5i/t*i>{C^{j'bn. ^/c, ■fe>;?^jj»6 1 1 — 6 13 30 

[0 0 6 7 ] ±IBOj; 5{c^j^^nyc^^y • ir/i-r u 

0 1 - 6 0 3 ^ Opfltcig^, iffeii^^t^^Og:^^^*^ bixT 
[0 0 6 8] 

J: 5{cifig^nri>-5o 

[0 0 6 9] JilE(7) J: 5 
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s^u^S2^i4S^jifi^ka®'r'5xsi:, m2at4@o 
±\zmmm irmm-r ^-r^nmt ^^tj^m^^m\z x ^ 

[0 0 7 0 ] Z(DX0\Z^ m2m\im(O0'h hl^^^J^M 

mi)mti^>mi^^^^^-'^B\^x^y^>'^m^i^. b. 
o fcs 2 m'&m ^m<t ^ tz i.x^i&mit'r^z.t 

^^mtit^i.X:km\zjK7b*^^tii^. mi^ttS^Stg 
[0 0 7 1 ] :^iy^:y^j:mmzmim^ 

m^m^mmm<Dmmrm^ b>^>/i^mMmmmzHm 
'r^:ztf^< m^^^i^^m^^m^-r^ z, t t-^mt 
ti:^tzisb. b>^'>/i-mMmmw^(DHmm\z^m'r^mf5. 
m^m^^^m-t^ z. tt^x^ ^tL. ziLy^iyif-t 

:5z.tii^x^. m^m^!!^^m^mm^<D^m^^^:k 
m\z\^±^-^^^tt^x^^tt^>iz. ^»fj:m^w^ 
^no^^i&m^^m^^nm.i^ x < mm-r s ^ t^x 

[0 0 7 2] ^fc, fS2m^m±\z. msattsoffiSi 

Mxi-tm 2 m\im tm^^\zf^-^ un^ 3 m\±m ^ 
m-ft^m^^zn. umi^mz>j^^m^j:i^n:^^m 2m^m 
Rv'm3^^m<D^m^mt}xmo^tf}-xt^fzi^. 
^<D^^m2m\±m^n<mf^'r^^ti>^'^mtfj:^. 

t^Lt^oX. ||2^14go^5/^>'^fl:}d^d^/^< 

[0 0 7 3] m3mmm^miitzm-^\z\t. 

Sp« ^ y ^^m-r^:^c*^){cm2^tt®^mffl'fbLrt>, 
m 2 m^^mtms^^JM t tm^m^zm^L.x\.^^t:i 
m2mi±miz^\^^xm^it\z{^omt(D:^-^j 

^mmtvxh. h v^./b^Mg^^LT^$t-r5mi 

><^y (MRAM) ^^^-rsr <i:;d^T*#So 

^TT^-rwr^mxh^. 

im2] mifc^^Lfc^^vsetaimi^^F-osii^xg^ift 

m'r^fzi^(Dmxh^o 

[12 3] *^8^coa^®St^^5g^om2o^ife(7^^l^ 

[0 4] ^^m<omf^miUi^^^^<r>m3(omm<r>mm 



(8) 
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[115] :^^m(Dm^1i^m^^^^tMOS h^^-v^;^ 

^ (Mos-FET) t^m^'^t>-^f:im^nm:^'^v 

CO— «jiS^iJ ^^^-r d r- ^ 6 o 

[116] ^^PJcD^^gK^m^-T-^-^ h V ^y^::^m^ 

2 m 1 m^m 
4 m 2 ^i^fi 
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5 ±^m.m 

6 wtit^m 

2 1 h/^t?- — V 

2 2 5g^95 

3 1 msm^m 

4 1 ^?t^t4ig 

6 0 1 6 0 6 9 — i 

6 1 1 3 ■^>':^i 



JO 



[Hi] 



[112] 



[113] 



3 h>:»^m« 




4 ff2niH 
3 h>^iiMn 



5 Jkjrafii 




(b) 



(0 



(<0 




(e) 





52 MOS-FET 



(9) 
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H O 1 F 
H O 1 L 
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